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Low-frequency noises in GaAs MESFET are usually observed when investigating the drain current and substrate leakage current 
under sidegate bias conditions. Experimental results show that the magnitude of low-frequency noises is in a direct dependency 
upon the sidegate bias and the noises in drain current will disappear if sidegate bias increases more negatively beyond a certain 
voltage. A mechanism associated with the substrate conductivity and the channel-substrate junction modulated by sidegate bias is 
proposed to explain the fluctuation of low-frequency noises. 
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MESFET is considered as one of the important devices for 
the applications of high power, high frequency and high 
efficiency microwave electric circuit [1,2]. However, as the 
demand for higher speeds and increased functionality in 
circuits, low-frequency noises (LFN) in currents, such as 
thermal noise, 1/f noise, generation-recombination noise, 
diffusion noise and shot noise, in various GaAs FET struc-
tures have been reported [3–10]. The main characteristics of 
these noises are: (1) LFN strongly depends upon the sub-
strate materials. (2) The frequency of LFN is in the range of 
about 10−2 to 102 Hz. (3) LFN is dependent on the fabrica-
tion procedure and bias condition. (4) LFN is sensitive to 
illumination. Recently LFN has received more attention due 
to its effect on the performance of low-noise microwave 
integrated circuits (MMICs). 
Although it is generally accepted that LFN results from 
the field-enhanced capture of electrons by deep traps, the 
exact mechanism is not fully understood. Miller and Bujatti 
attributed LFN directly to the oscillations in leakage cur-
rents in the semi-insulating (SI) GaAs substrate [5]. While 
Wager pointed out that LFN in channel current could not be 
simply attributed to the oscillations in leakage current of the 
substrate, but related to the peculiarities of channel-sub- 
strate junction [9]. 
In this paper, LFN in MESFET’s currents is investigated 
under sidegating conditions, and the mechanism is identi-
fied whereby the current fluctuation is directly related to the 
sidegate bias. Unlike Birbas’s explanation in terms of an 
unreal negative capacitance of the depletion region in buff-
er-channel interface [11], we associate LFN with the sub-
strate conductivity and channel-substrate junction modulat-
ed by sidegate bias. This study should be of value to eluci-
date the fundamental nature of noises modulation in GaAs 
ICs. 
1  Experiments and results 
The test pattern in this study is shown in Figure 1(a). The 
device structure and schematic used for electrical measure-
ments are shown in Figure 1(b). FETs are fabricated on un-
doped liquid-encapsulated Czochralski (LEC) SI GaAs sub-
strate by selective ion implantation. The test device com-
prises a 10 µm × 10 µm sidegate (SG) and a FET with a  
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Figure 1  The test pattern and device structure for investigating LFN. (a) 
The test pattern used in LFN investigation; (b) the device structure and 
schematic used for electrical measurements. 
10 µm × 2 µm gate (G). The distance between SG and the 
FET is 20 µm. Silicon ions are implanted at the energy of 60 
keV with a dose of 6 × 1012 cm−2 for n layer, and at 30 keV 
with a dose of 1.5 × 1013 cm−2 for n+ region. Electrical isola-
tion is achieved by Boron ions implantation at 80 keV with 
a dose of 8 × 1012 cm−2. Short annealing is carried out at  
940°C with 10 s. The gate metals used are Ti/Pt/Au, and 
metals for Ohmic contacts are Au/Ge/Ni/Au. The fringe 
portions of all these contacts and probe pads are in contact 
with the substrate. 
Measurements are made at room temperature with a 
HP4145B semiconductor parameter analyzer and a Karlsuss 
testing instrument. The “Integ time” of HP4145B is set to 
“short”, and the “delay time” is set to 1 s. In the experi-
ments, the substrate is kept floating; the source of FET is 
grounded; the gate bias (VGS) of FET varies from 0 V to −3 
V, and the sidegate bias (VSG) varies negatively from 0 V to 
−20 V with a step of 30 mV. To investigate LFN in the cur-
rents of MESFET, drain current (IDS) and substrate leakage 
current (ISG) are recorded.  
In the experiments, IDS−VSG exhibits a typical sidegating 
effect as VSG increases negatively, as shown in Figure 2(a). 
Sidegating effect is that IDS of MESFET will decrease ab-
ruptly when sidegate bias increases beyond a critical value 
[12,13]. And this critical value is defined as sidegating 
threshold voltage (V thSG ). The sidegating threshold voltage in 
Figure 2(a) is about −3.8 V. From Figures 2(b)−(f), re-
markable LFN can be observed in channel current with 
sidegate bias varying negatively. In disagreement with the 
previous work, interesting phenomena are found that: (1) 
The magnitude of LFN increases as VSG increases negative-
ly. (2) The oscillations of LFN get the greatest in degree 
while VSG reaches V
th
SG . (3) LFN will disappear when VSG 
increases more negatively beyond a certain voltage (VC). In 
short, LFN in the channel current of MESFET has a direct 
dependency upon the sidegate bias conditions. (4) From 
Figures 2(b) and (f), we can see that the saturation current 
with VSG = −5 V is less than that with VSG = 0 V.  
In the experiments, IDS−VGS is recorded at different side-
gate bias, as shown in Figure 3. LFN can also be observed 
in IDS−VGS. It can be founded that the noises will also dis-
appear when VSG increases beyond a certain voltage. 
Since it is well known that the sidegating effect is 
strongly material dependent, some attempts are made to 
measure LFN in the substrate leakage current. In the ex-
periments, ISG is recorded as a function of VSG which in-
creases negatively from 0 V to −20 V. The experimental 
results are shown in Figure 4, in which ISG exhibits an ap-
parent LFN. Unfortunately, although remarkable LFN can 
be observed in leakage current, we can not find the same 
behavior as the LFN in channel current where the LFN will 
disappear if VSG increases beyond a certain voltage. 
2  Discussion 
Based on the experimental results presented above, we pro-
pose that the substrate conductivity and channel-substrate 
junction which are modulated by the sidegating voltage take 
full responsibility for the LFN in currents of GaAs MESFET. 
On the one hand, in the sidegating backward biased re-
gime, the resistivity of SI substrate is a variable with dif-
ferent VSG, illustrated as in Figure 5. In general, the re-
sistance of SI substrate (Rsub) is typically of 10
7−109 Ω cm. 
As VSG increases negatively, electron emission manifolds 
gradually in the SI substrate. Thus, the resistivity of the 
substrate decreases more or less following a linear propor-
tionality to VSG, as illustrated in Region I. If VSG becomes 
more negative than V thSG , the substrate will be taken in the 
charge of high electric field whose intensity is approxi-
mately 10 kV/cm. The free electrons under the high electric 
field will gain enough energy to excite the trapped electrons 
in deep traps exhibiting an avalanche multiplication effect. 
That is to say, impact ionization will take place. In this state, 
Rsub reduces dramatically with a super linear behavior, as 
illustrated in Region II. When VSG reaches a certain voltage 
where the deep traps are almost fully ionized, Rsub will re-
sume Omhic characteristics, as illustrated in Region III. 
On the other hand, as is well known, channel-substrate 
junction (C-S junction) plays a significant role in sidegating 
effect of GaAs MESFETs [9,12−17]. The illustration of the 
C-S junction can be referred to in Figure 1(b). The 
space-charge distribution of the C-S junction resembles a 
p-n junction with depletion region located in doped channel 
and formed by the charge of ionized donors. Expansion of 
the depletion region on the substrate side under external 
electric field is accompanied by electrons captured in deep 
traps, while contraction of the depletion region is accompa-
nied by electrons emission from deep traps to conduction 
band. 
The equivalent circuit of the test structure used in LFN 
investigation under sidegate bias conditions is shown in 
Figure 6. RS is the surface leakage resistance. RCS is the re-
sistance of C-S junction. With sidegate bias, because Rsub is  
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Figure 2  LFN in channel current as sidegate bias increasing negatively. (a) Sidegating effect of GaAs MESFET; (b) LFN in channel current with VSG = 0 V. 
(c) LFN in channel current with VSG = −0.8 V; (d) LFN in channel current with VSG = −3 V; (e) LFN in channel current with VSG = −3.8 V; (f) LFN in chan-
nel current with VSG = −5 V. 
series connected with RCS, VSG partly drops across the sub-
strate (the voltage is denoted as Vsub) and partly drops across 
the C-S junction (the voltage is denoted as VCS). From the 
analysis shown above, Rsub varies with VSG, consequently, the 
voltage drops across the C-S junction changes correspond-
ingly. That is to say, VCS is modulated by the change of Rsub. 
The LFN can be analyzed with Khuchua’s model of drain 
current versus VSG [12],  
D b b
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where IDS0 and VT0 are the drain current and the FET thresh-
old voltage at Vsub = 0 V, respectively, Vb is the Schottky 
build-in voltage, ND is shallow donor density, Ntraps is the 
concentration of vacant deep traps. 
According to eq. (1), the irregular varieties of VCS and 
Vsub give rise to ∆IDS, thus the fluctuations of IDS generate. 
In Region I of Figure 5, as VSG increases negatively, Rsub 
decreases more or less following a linear proportionality to 
VSG. The variety in Rsub will give cause for the increase   
of VCS which exerts an influence on the depletion width of 
C-S junction, resulting in the aggravation of oscillations in 
the depletion width. These oscillations have direct relation-
ship with the fluctuations in channel current and leakage 
current and they affect the magnitudes of LFN, as shown in  
1270 Ding Y, et al.   Chinese Sci Bull   April (2011) Vol.56 No.12 
 
Figure 3  LFN in drain current versus gate bias with different sidegate 
bias. 
 
Figure 4  LFN in substrate leakage current as sidegate bias increases 
negatively. 
 
Figure 5  The behavior of substrate resistivity versus backward sidegate 
bias. 
Figure 2(b)−(d) and Figure 4. 
In region II, as the superlinear decrease of Rsub, Vsub de-
creases and VCS increases dramatically. As a result, an ex-
pansion of C-S junction depletion on the channel side mag- 
 
Figure 6  The equivalent circuit of the test structure used in LFN investi-
gation with sidegate bias. 
nifies [16]. Meanwhile, there is some hysteresis in the re-
sponse of the depletion region expansion of C-S junction on 
the variation of external electric field caused by VSG [17]. 
These two factors give rise to larger fluctuations of the de-
pletion region thickness in C-S junction which modulate the 
effective width of FET channel strongly. In consequence, 
the fluctuations of LFN in channel current get a great mag-
nitude, as shown in Figure 2(e).  
In Region III, Rsub resumes Omhic characteristics and 
gets stable and low resistance. In this case, the modulation 
on VCS caused by Rsub can be negligible, so VSG mainly 
drops across the C-S junction. As a result, LFN in current 
disappears, as shown in Figure 2(f) and Figure 3. Mean-
while, with VSG becoming more negative, the expansion   
of C-S junction depletion on the channel side reduces    
the channel width greatly, the sidegating effect will take 
place, so saturation channel current declines, as shown in 
Figure 2(f). 
In addition, as shown in Figure 4, although remarkable 
LFN can be observed in substrate leakage current and it has 
a direct relation with VSG, it is not found that there is a cer-
tain voltage beyond which LFN disappears. A possible 
cause is that the substrate leakage current recorded in our 
experiments is only the current from the substrate to the 
sidegating electrode. In fact, the total leakage current should 
consist of currents from the FET active region, from the 
gate pad located on the SI substrate, and from the grounded 
substrate [5]. In the further research, we will make a thor-
ough investigation on the LFN in leakage current and try to 
find its relationship with the LFN in drain current.  
3  Conclusions 
LFN in MESFET’s currents is investigated under sidegate 
bias conditions. It is found that the fluctuation of LFN is 
directly related to the sidegate bias. In disagreement with 
the earlier work, an interesting phenomenon is observed that 
LFN will disappear when sidegate bias increases more neg-
atively beyond a certain voltage. It is argued in this paper 
that LFN in the currents of MESFET associates with the 
substrate conductivity and channel-substrate junction which 
are modulated by sidegate bias. 
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